natural gas. There are great potentialities in this for there are enormous supplies of raw material and they are conveniently concentrated so that efficient factory production is possible. It must, however, be borne in mind that the primary need at present is for local production of protein from locally available sources rather than for further supplies of protein that have to be imported from wealthy countries.
The idea of using microbial protein as a bulk food is new. So is the texture of the product. The most valuable feature of the interest now being taken in microbial protein is that it will familiarize people with the idea of using novel protein sources. There should be no competition between those working on seed, leaf, microbial or any other type of protein; all will be needed and their use will call for vastly extended work in the kitchen on methods for making them acceptable. Mr D S Miller (Queen Elizabeth College, London) Protein Requirements The trouble with the title of this paper is that it is open-ended. It neither says requirements for what, nor does it say what sort of protein, and because these two words are badly defined it is not surprising that when the subject is examined historically it is found there has been an enormous range of recommended allowances.
The early German workers believed, for very little reason, that high protein intakes were necessary for health, and, for instance, a hundred years ago Voit recommended 120 g protein per head per day. These views were still currently held at the time of the 1914 war, and it is frequently claimed by nutritionists that the Germans lost the war as a result of being advised wrongly that meat was an essential food for the fighting soldier; they concentrated on animal husbandry in the face of the blockade, thus lowering the efficiency of their agriculture and starving the nation. Between the wars, protein requirements tended to be based on what protein was eaten by the countries in the west; this led the League of Nations to recommend 1 g per kg body weight per day, and the British Medical Association to recommend that 10-14% of the calories should be derived from protein. However, during this period there was strong support in America for much lower protein intakes, on the basis of nitrogen balance data. This school was initiated by Professor Russell Chittenden who believed in low protein diets and recommended 40 g per day, and this was supported later by W C Rose who established which of the amino acids were essential for man and that it was possible to maintain nitrogen balance on the equivalent of 20 g protein per day. However, it is not simply the difficulty of deciding what is meant by the word requirements; one must also consider that the word protein covers materials which have widely different qualities. Historically most of the recommended allowances specify that half the protein should be derived from animal sources, in the belief that these are of superior quality to plant proteins. The belief is only partly true since there are some plant proteins which are superior to some animal proteins. Proteins differ in quality because they have different amino acid patterns. For a man, there are eight essential amino acids which are not synthesized sufficiently fast for requirements and must therefore be supplied in the diet. The nonessential amino acids are of course essential constituents of muscle but can be synthesized from other nitrogen sources.
The historical background shows that the best criterion for protein requirements is maintenance of nitrogen equilibrium, at least with adults. Nitrogen requirements for growth and lactation must be included where appropriate. These criteria for adequacy are in terms of the amount of nitrogen that must be retained, but before one can convert these amounts into dietary requirements one must examine all those factors that influence the efficiency of nitrogen utilization. The first question, however, is how much nitrogen is needed for nitrogen equilibrium. Traditionally this is found by determining the endogenous nitrogen loss, i.e. urinary nitrogen loss when no nitrogen is fed. This has been shown to be approximately equal to 2 mg nitrogen per basal calorie, and is the major nitrogen loss from the body: to it must be added losses in the faces, sweat, hair and skin. The total has been estimated as 250 mgN/day/kgl and for a 70 kg man this amounts to 32 g protein/day. People sometimes doubt that it is possible to maintain nitrogen equilibrium on such a low protein intake, but many millions of people must be eating this, and certainly Chittenden existed on this for half of his lifespan. It is a matter of debate whether he lived to the ripe old age of 88 because of or in spite of his diet.
Protein requirements for growth are more difficult to assess because it is necessary to know how fast children should grow. It is usual to assume that the growth of American children is the ideal, but there is behind this assumption the belief that bigger children are better children, a proposition that is open to doubt in a world where 25 % of the population is concerned with obesity. Human children grow extremely slowly compared with other species: for example baby pigs and human babies weigh approximately the same at birth, yet a pig weighs more than a man at 6 months. What this means in practice is that the additional protein requirement for growth in man is small compared with the protein requirement for maintenance. If the protein requirement for growth and maintenance are added the totals for man and child are surprisingly similar: these are shown in Table 1 , in terms of grams of net dietary 0 A hypothetical protein that is completely utilized protein (NDP) per day, i.e. a hypothetical protein which is completely utilized. It will be seen that children in fact require slightly less protein than the adult, but because they require fewer calories the percentage of protein in their diet must be greater than in the adult. The final column shows the percentage of completely utilized protein that there has to be in the diet to meet requirements (NDP %). It can be seen immediately that the vulnerable groups in society are the toddlers and the lactating mothers. Adult man can indeed live on bread alone, and proteinrich foods should be directed towards his wife and children.
However, it is absurd to state requirements in terms which cannot be applied to the design or assessment of actual diets. It is therefore of considerable importance to be able to measure the amount of utilizable protein that there is in any given diet, and this may be achieved by a simple biological assay or, in the present state of knowledge slightly less accurately, from chemical analyses.
Dealing with the biological method first, diets are constructed as eaten, freeze-dried, and fed to rats for nitrogen balance studies to determine the efficiency with which the rat is able to convert the dietary protein into rat carcass protein. In terms of hospital diets this is relatively easy, but in those parts of the world where malnutrition is rife dietary data are extremely limited. There is no National Food Survey and only limited surveys for villages, usually only during a small part of the year. In such cases one can make an assessment on the basis either of food balance sheets constructed from a consideration of food imports, exports and production, or by an examination of the traditional diet. The latter is not so inaccurate as it may sound since the diet consumed is frequently monotously the same from day to day.
Although these biological methods are known to give the best results, the technique is laborious and requires the use of an animal house, and skilled technicians. Somebody sitting in the middle of Africa requires an easy method for calculating values from food tables (Miller & Payne 1961a , b, 1964 . Protein contents are easy to calculate, but the efficiency of utilization of that protein is more difficult and depends upon a number of factors:
(1) The amino acid composition: There are various techniques available for arriving at a protein score or measure of protein quality from a consideration of amino acid analyses. Most techniques involve the comparison of the dietary amino acids with a reference pattern of amino acids, and although the reference patterns differ from author to author they are very consistent when it comes to the sulphur amino acids which are those most likely to limit protein synthesis in human diets.
(2) The percentage of protein in the diet: As this rises so the efficiency of utilization falls. This fall in protein efficiency is not because the capacity of protein synthesis has been saturated, but because protein is being used for energy purposes. This illustrates the important principle that energy and protein metabolism are interrelated. A nomogram is available for predicting this effect. Knowing the protein score based on amino acid composition, and the percentage of protein in the diet, one can read off the NDP value directly.
(3) The caloric intake: If the intake of calories is restricted below a certain value, the efficiency of utilization falls because protein is used primarily for energy purposes. If the caloric intake is reduced to that required to meet only the needs for basal metabolism, then the efficiency of protein utilization is zero. In our view most protein malnutrition in the world is due to calorie insufficiency.
(4) Other dietary factors influencing the efficiency of nitrogen utilization are the levels of vitamins and minerals.
Of the dietary factors, the caloric intake is by far the most important and it is impossible to state protein requirements without concomitantly stating calorie requirements; in our view it is high time that FAO and WHO called one of their special committees which lay down requirements to deal with both protein and calorie requirements at the same time. This would be consistent with their recognition of the fact that protein-calorie malnutrition is a single disease entity.
Finally, it is evident that with the present established low requirements, dietary deficiencies of protein are unlikely to occur in the United Kingdom except in the children of large families of low social class. On the other hand, it is well known that in cases of fever, fractures or burns there is a considerable loss of body protein which has to be replaced during convalescence. The speed with which this protein can be recouped probably influences the time for rehabilitation. It is now clear that this protein cannot be put back simply by providing a high protein diet, since protein synthesis requires a fixed amount of energy (approximately 150 cal/mg nitrogen retained). Proper attention must therefore be paid to the calorie intake, otherwise the extra protein will simply be rejected. This increase in calorie requirement for protein synthesis has been determined on the whole animal which is properly the subject of the nutritionist. The work aspect of assembling the right amino acids in the right order has not been studied at the cellular level. A similar point arises with slimming diets. When calories are reduced below, say, 1,500 per day, there seems little point in worrying whether the protein requirements are being met since all or most of the protein supplied will be burnt for energy purposes. It might be asked why cannot the obese mobilize their fat stores in order to spare the dietary protein, but most evidence seems to indicate that they cannot and that the food nitrogen is simply excreted in the urine.
Advocates of high protein diets still exist. In France, Terroine (1957) insists that there should be a requirement for health over and above that required for maintaining nitrogen balance. Similarly, Ohlson (1958) , in America, claims that the stresses of everyday life have a special nitrogen demand. Even the latest FAO pronouncement adds on 20% for individual variation. The evidence is not convincing, since the excess protein intake can be recovered as nitrogen in the urine. The real problem is what is a requirement for health. If this amounts to the ability to resist infection, then the evidence is very contradictory. Rats on high protein diets are less resistant to malaria, although more resistant to hookworm, both diseases being indigenous to areas where there is a shortage of protein. There is some evidence to suggest that body composition and perhaps longevity can be influenced by the protein content of the diet; certainly in the field of animal nutrition regimens can be designed to produce bacon pigs or lard pigs from the same stock. However, in man it is not yet possible for the nutritionist to emulate the seventeenth century Much is now known about the biochemical mechanisms involved in the synthesis of polypeptides from the 20 amino acids which are the normal constituents of proteins (Arnstein 1965 , Stretton 1965 , Brown & Lee 1965 . Several aspects of this complex process may be distinguished. The amino acids concerned are first converted into energy-rich intermediates, aminoacyl adenylates, by reaction with adenosine triphosphate and then attached to transfer RNAs, both reactions being catalysed by specific enzymes. Transfer RNAs are a group of polynucleotides containing 70-80 residues per chain and each transfer RNA will accept only the appropriate amino acid.
The steps described so far occur in the soluble cytoplasm, but subsequent reactions take place on cytoplasmic ribonucleoprotein particles, termed ribosomes. Messenger RNA, which is believed to be a replica of one of the two DNA strands, becomes attached to ribosomes and the messenger RNA-ribosome complex thus contains the same genetic information as the corresponding segment of DNA. Peptide bond formation takes place on ribosomes, the appropriate amino-acyl transfer RNAs being selected by an interaction between a triplet of bases in the messenger (termed the codon) with a complementary sequence in the
